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1. lntroduction

ARCADIS, on behalf of Wyeth Holdings Corporation (a division of Pfizer lnc.) has

prepared this Final Construction Completion Report for the lnterim Groundwater

Corrective Measure implemented at the Agriculture Products Facility (the Site or

Facility) near Hannibal, Missouri (Figure 1). This report summarizes the final

engineering design and construction activities associated with implementation of
interim measures, and includes "as-builf' Record Drawings (Appendix A) for the

groundwater extraction and treatment system.

1,1 Site Location and Description

The Facility is situated on approximately 2,200 acres of land on the west bank of the

MississippiRiver. The site is located along Route JJ in Marion County, approximately

10 miles northwest of Hannibal, Missouri and five miles southwest of Quincy, lllinois.

The Site is located in Sections 10, 11, 14, 15,22, and 23 Township 3 South, Range 5

West and at latitude 9127'45" and longitude 39o51'10" (Figure 1). Approximately

250 acres are curently used for the active processing and manufacturing of
agricultural chemicals and associated plant support operations. The remaining land is

used for flood protection levees and typical agricultural purposes.

The Facility is currently engaged in the manufacturing of agricultural products including

herbicides and insecticides. The Facility is cunently owned and operated by BASF

Corporation; however, Pfizer (formerly Wyeth) and Wyeth Holdings Corporation (ointly

Wyeth) retain contractual responsibility for certain historical environmental matters.

1.2 Regulatory History and Background

This Construction Completion Report summarizes the installation of the groundwater

extraction and treatment system (the System) and has been prepared to satisfy a

requirement contained in the lnterim Groundwater Conective Measures Work Plan

(ARCADIS, 2008) which was prepared pursuant to the Hazardous Waste Management

Facility Permit (Permit #MODO226075) issued by the Missouri Department of Natural

Resources (MDNR) and the Hazardous and Solid WasteAmendments (HSWA) Permit

issued by the U.S. Environmental Protection Agency (USEPA) on April25, 1990, to the

American Cyanamid Company.

Gonstruction
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A letter from USEPA, dated September 19,2007 , approved the Resource

Conservation and Recovery Act (RCRA) Facility lnvestigation (RFl) Report (ARCADIS,

2005) and the Phase ll RFI (ARCADIS, 2006) and directed Wyeth to prepare a

Corrective Measures Study (CMS) Work Plan in accordance with Section lll of the
Facility's RCRA Hazardous Waste HSWA Permit. However, changes in hydraulic

conditions at the Site and plans by BASF to implement new industrialwater supply

wells in 2008 necessitated the need to install an lnterim Groundwater Corrective

Measure concurrent with the expansion of the Plant s water supply system.

Severaldocuments were developed and submitted to the MDNR to justifu and provide

rationale for the implementation of the lnterim Groundwater Corrective Measure at the

site, including:

lnterim Groundwater Corrective Measure Work Plan, dated June 6, 2008 -
presented the treatment system design, system operations, performance

monitoring and initial modeling used to locate the extraction wells. (Approved

by MDNR in a letter dated July 12,2008);

Additional Groundwater Delineation and Capture Zone Modeling

Documentation Report, dated January 16, 2009 - presented the results of the
additional groundwater sampling and subsequent capture zone modeling that

was performed to assess the impacts of the 2008 Mississippi River flooding on

the distribution of impacted groundwater beneath the facility. (Approved by

MDNR in letter dated February 6, 2009); and

Construction
Completion Report
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90 Percent Design, lnterim Groundwater Corrective Measures, dated
February 26,20Og - presented the nearly-complete design package for the
groundwater extraction and treatment system. The 90-percent design
incorporated an additional recovery well and changes to well locations brought
about by a review of the additional groundwater modeling performed in the
4ft Quarter of 2008. (Approved by MDNR in letter dated April 7, 2009).

a
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2. RemedialConstruction

Construction began on the treatment system on November 30,2009, with equipment

mobilization and project safety briefing for the on-site contractors. Major construction

milestones included:

November 30 to December 7, 2009 - drilled and installed recovery wells.

December 2009 to April, 2010 - cleared utilities with air knifing, excavated

trench and installed piping to recovery wells.

Late December 2009 to February 2010 - prepared building footings and floor

slab.

February/March 2010 - constructed building lower walls, iron framework, roof,

walls, and doors. Building complete by late-March 2010.

Mid-April, 2010 - treatment equipment delivered to building.

Late April, 2010 - well vaults formed and poured

April/May, 2010 - install treatment system equipment in building

May 27,2010 - system substantially complete - lnitial punch list prepared

a

a

a

June and July, 2010 - system testing and shakedown operation.

Late July, 2010 - system placed into operation at half-capacity

September 29-30, 2010 - piping modifications performed on the air intake to
provide separate air source to each stripper.

October 20-22,2A10 - piping modifications and pump installation to provide a

separate sump discharge pump to each air stripper.

December, 2010- installation of granulated activated carbon (GAC) vessels

and piping modifications to install header and connect vessels to discharge
piping.

Construction
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February, 2011 - installation of lnficon gas chromatograph, remote data

access, and installation of slip-stream water line to lnficon. lnficon system
setup and calibration.

Gonstruction
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May,20'11 - evaluation of sequestrant effectiveness, and proposed revisions

to address greater than anticipated iron concentrations in the raw water.

Construction photos are presented in Appendix B

2.1 Site Access and Security

During construction, access to and from the construction zones were restricted to
contractors, ARCADIS staff, and BASF plant employees, as needed. The Facility is
restricted to plant employees and visitors of the plant. All on-site staff and visitors were
noted on the daily construction activities report. Contractors and visitors (if any) were

logged by the On-site Safety Officer and were required to sign a visito/s log sheet,
which is part of the Site Health and Safety Plan.

Although mobile phones are not allowed at the BASF Facility, the treatment building is
located outside of the fenced area, where mobile phones are allowed. A Safety Work
Permit was required each morning from BASF.

\A/hile the treatment building and active treatment components are predominantly

located outside the active and fenced-in portion of the Facility, site security is provided

by plant personnel and in-place procedures. The treatment building is locked when not

occupied. Vehicle ac@ss to the treatment building is via a chained gate crossing the
road.

2.2 Site Preparation

Priorto commencing intrusive activities, allwell locations, the treatment building
locations, and the piping trench locations were discussed and approved by BASF
engineering staff. Existing plant utility maps were reviewed to locate any known
utilities prior to trenching. In addition, all trenching within the plant boundaries was
preceded by air knifing to a depth of 4 ft. to expose any known and unknown plant
piping, conduits, or wiring.

Outside the plant fence, air knifing was used to locate and clear known utilities as they
were identified from one-call or local utility companies.

a
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2.3 Groundwater Recovery and Treatment System

The groundwater recovery and treatment system was designed and built to extract and

treat groundwater impacted by l,2dichloroethane (DCA), and monochlorobenzene
(MCB) at the Facility. The locations and pumping rates of the recovery wells were

identified using computer modeling to provide hydraulic capture of the impacted
groundwater under varying river stages, groundwater levels, and plant water well
pumping conditions. The initialnumerical modeling was presented in the MDNR-

approved lnterim Groundwater Corrective Measures Work Plan (ARCADIS, 2008).

After the 2008 Mississippi River flooding, additional numerical modeling was performed

to evaluate the impact of high water levels on the impacted groundwater plume. The

flood-impacted groundwater modeling was summarized in the MDNR-approved

Additional Groundwater Delineation and Capture Zone Modeling Documentation

(ARCADIS, 2009a). Based on an evaluation of the flood-impacted modeling results,

an additional recovery wellwas added to the System, and well locations were moved

to optimally achieve capture of the plume. The additionalwelland revised well

locations were reflected in the MDNR-approved 90 Percent Design document
(ARCADTS, 2009b).

The as-built groundwater recovery and treatment system layout is shown on

Drawings PlD1, PlD2, and PID2A in Appendix A.

2.3.1 General Processes

The system consists of three recovery wells pumping water to a treatment building,

with treated water discharged to a borrow ditch. The sequence of treatment within the
system is visually presented in the schematic process flow diagrams (PlDl, PlD2, and

PlD3 in Appendix A).

Groundwater is extracted from the aquifer by the extraction wells, and is conveyed via

underground piping to the treatment building. At the treatment building, the flow is
metered and a dose of sequestranUchelating chemical is automatically mixed with the
raw influent to prevent iron, calcium, and manganese from precipitating out of solution

in the form of scale or sludge. The water stream is then split and pumped through two

air strippers in parallel. Counter+urrent air is delivered to each air stripper to volatilize

the dissolved phase compounds of concern (COC). Treated water is collected in the

effluent sump of each air stripper. The treated water is pumped from the sumps to the
GAC vessels for secondary treatment.

Construction
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The 5,000 lb GAC vessels are operated in a leadJag fashion to provide initial and

polishing treatment. A slip-stream of water is collected from after the first GAC vessel

and run through the in-line gas chromatograph for on-Site analysis. The treated

effluent is then delivered to the NPDES-permitted point of discharge located in a

borrow ditch south of the Facility. Vapor from the air strippers vent through mist

eliminators to the atmosphere.

Remote system monitoring is achieved through a cellular modem connected to the
programmable logic controller (PLC) that transmits System parameters to the server
maintained by the equipment vendor (MLEE). The system can be monitored and
operated via remote access. Additionally, operational data, such as pumping rates and
air stripper back pressures, is logged and can be accessed via remote monitoring.

The alarm component of the PLC monitors system operation and sends out text
messages and emails when alarm conditions occur. ln addition, when eertain alarm
conditions are met, the PLC is designed to shut down the system automatically. Both

hard (non-recoverable - system will shut down) and soft (recoverable - system will
continue to operate) alarms trigger notification.

2.3.2 System Design Modifications

The system was placed into operation in late-June2010. After approximately two
months of operation at half capacity, carbonate and iron fouling of the air stripper trays
was reported which reduced the treatment efficiency of the air strippers. The air
stripper trays were cleaned and an evaluation was performed to determine the causes
of deterioration of treatment efficiency. The system evaluation resulted in several
modifications, including:

Re-configuring the air intake piping to provide a separate air pathway to each
stripper

Re-configuring the stripper treated water discharge to provide separate
stripper sump pumps.

The piping was modified in September and October 2010 to incorporate these
revisions to the treatment system.

Gonstruction
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ln order to provide an additional level of polishing treatment prior to discharge to the

NPDES outfall, two GAC vessels were installed downstream of the air strippers in

December 2010. The GAC vessels operate in series, and a piping header allows

flexibility during operation and backwashing.

Additionally, a mobile gas chromatograph (GC) was installed at the treatment building

to provide additional confirmation that treatment levels are being achieved. A low-flow

slip stream of water is extraction from the treatment discharge piping after the lead

GAC vessel and prior to the second GAC vessel. The slip-stream water is analyzed

hourly by the GC for the NPDES constituents (except lor 1,1,2-Tnchloroethane, which

is not on the standard lnficon method list). The GC is configured to send an alarm to

the PLC if cone,entrations of NPDES parameters are reported above pre-set levels.

The pre-set levels that trigger alarms are generally one-half to one-tenth the NPDES-

permitted levels.

2.3.3 Treatment Building

The treatment equipment is housed in a 30 ft by 30 ft pre-engineered treatment

building, which includes the following features:

Dual garage door-style roll-up openings that accommodate equipment delivery

and maintenance of the shallow tray strippers

lndustrial concrete flooring with integral spill containment around the building
perimeter

Floor sump with high level switch. Any water that accumulates in the sump is

processed through the air stripper.

Thermostatically+ontrolled electrical convection heaters

lncandescent lighting with vapor tight globe and wall switch

Construction
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2.3.4 RecoveryWells and Piping

The three extraction wells are designed to pump at flow rates of 40 to 60 gallons per

minute (gpm) each. The target operational flow rates, based on modeling simulations,

include:
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RW-1 (south well) - 60 gpm

RW-2 (north well) - 50 gpm

a RW-3 (west well) - 40 gpm

The wellhead and local discharge piping are installed in below-grade pre-cast concrete
access vaults. The access vaults have locked, flush-mounted, watertight, and hinged
access lids. A shut off valve and pressure gauge are located in the discharge piping

within each wellhead access vault. Power wiring is routed to an electrical disconnect
junction box above the well vault. The piping within each well and the wellhead access
vault is galvanized carbon steelwhich transitions to high-density polyethylene (HDPE)
double-wall piping within the access vault. Well completion diagrams for the three
recovery wells are included in Appendix D.

Conveyance piping is constructed of double-walled high-density polyethylene (HDPE)
pipe (2-inch diameter for the inner piping and 4-inch diameter for the secondary
containment piping) from the extraction wellvaults to the treatment building. The
conveyance piping transitions to single-walled piping in the treatment building. A
single-walled 1-inch recirculation line from the treatment building to each well is

included. This recirculation line will be used during piping maintenance to remove
scaling in the conveyance piping if pressure losses interfere with system operation.
The treated water discharge piping to the outfall is single-walled.

2.3.5 Process Equipment

The following sections provide a brief overview of the major components of the
treatment system.

2.3.5.1 Grcundwater Recovery Pumps

The groundwater recovery pumps are conventional, submersible multi-stage water
well-type pumps. The electricalpump motors use 230V, 1-phase electricalservice.
The pumps are located near the top of each well's screened interval, with the intake at
approximately 40 ft below ground surface (bgs).

Flow rate adjustments can be made by a manual throttling valve located downstream
of the flow meter in the treatment building. Pressure gauges are installed at the well
head and in the treatment building to monitor conveyance pipeline loss.

Construction
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2.3.5.2 Air Stipper and Blowers

The air stripping equipment consists of two shallow tray air strippers (QED EZ{ray
model 24.6). Each stripper has six trays that can be removed for cleaning. The

strippers are made of stainless steel, with a footprint of 6 ft deep by 5 ft wide and

9 ft tall.

A piping manifold combines the flow from the three recovery wells, and then splits the

combined flow, directing half the raw influent to each stripper. Following treatment, the

water from each stripper sump is combined and passes through post-stripper bag

filters before passing through the GAC treatment vessels for final treatment.

2.3.5.3 Sequesteing Agent

Mineral sequestering treatment is implemented to prevent minerals, such as iron,

manganese, or hardness from adversely impacting the operation of the System.

Mineral precipitation is minimized by injecting a chemicaladditive to the combined raw

influent prior to the air stripping treatment. Two separate sequestrant formulations are

used: one sequestrant to address carbonate scaling and a second formation to

address iron in the raw water. The selected sequestrants are delivered to the site in

S5gallon drums are mixed with water (to reduce viscosity) in sequestrant storage

totes. Chemical feed pumps deliver the sequestrant agents into the raw water line at

the desired feed dosages.

As described in the lnterim Measures Work Plan (ARCADIS, 2008) the effectiveness of

the sequestrant was evaluated after initial operation. After the System had been

operating for several months, the influent concentration of iron increased dramatically,

and a sequestrant evaluation was performed to respond to the changed conditions.

The types and dosages of sequestrant were revised to disperse the iron and maintain

System operation. The impact of the observed influent iron concentration on System

operations will be evaluated regularly as part of the System operation and

maintenance (O&M) activities.

2.3.5.4 Liquid Phase GnnularAcfuated Cafton Units

Two steel GAC vessels, each containing 5,000 lbs of activated carbon, have been

installed at the treatment building. Water from the air stripper sumps are directed

through bag filters prior to entering the GAC vessels. The GAC vessels are arranged

Construction
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in a 'badJag' arrangement, with the combined effluent flow passing through each
vessel in series.

The GAC vessels are constructed of carbon steel, 6 ft diameter, approximately
10 ft tall, and have a volume of 1,326 gallons each. The carbon is virgin grade,
coconut hull liquid phase carbon (8 x 30 mesh).

2.3.5.5 ln-line Gas Chrcmatograph

An lnficon model CMS5000 inline Gas Chromatograph was installed in early 2011.
The CMS5000 Monitoring System is a self+ontained system utilizing GC technology
for continuous, unattended remote monitoring and analysis of water. During operation,
a continuous slip-stream of water is provided to the system, and a grab sample is
pickd off the slip-stream approximately hourly. Water samples are analyzed for the
primary NPDES parameters, and results stored in the on-site database for subsequent
review. Alarm points are set for the parameters and an alarm signal is sent to the
treatment system PLC and subsequently transmitted to the operators via text
messaging and email. The pumping and treatment system will shut down operation if
the lniine gas chromatograph senses water concentration above the alarm set points.

2.3.5.6 Clean-in-Place Sysfem

The System was constructed with 1-inch diameter recirculation lines extending from
the treatment building to each extraction well, as wellas acid circulation piping within
the treatment building to the air strippers. Unicid acid (or equivalent) will be delivered
in granular or powder form and introduced to the S0O-gallon clean-in-place tank. The
clean-in-place pump is used to convey cleaning water to the wells, treatment system
piping, and air strippers.

2.4 Utility Service

Electrical service to the Site was obtained through the construction of new powerfeed
line from an electricalsubstation located approximately one mile north of the treatment
building. Overhead lines cnnvey power ftom the substation to a utility pole
approximately 600 ft south of the treatment building. Power is transfened via
underground conduit from the utility pole to a transformer located on the west side of
the treatment building. A 480 volt, three phase, 451ryA electricalservice was installed
to satisff the power requirements of the groundwater recovery and treatment system.
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A power disconnect is located at the main power panel in the building in case of
emergency.

Water service is provided by Marion County Public Water. A water distribution line

exists approximately 200 feet south of the treatment building. A water meter was

installed at this location and the water service placed in the RW-1 piping trench to the

building.

The system PLC and lnficon gas chromatograph PC connection use cellular data

service to transmit information for the remote telemetry control/monitoring and

analytical data acqu isition.

2.5 Site Grading and Gover

Upon completing allsite-related construction activities, the area sunounding the

treatment building was graded and gravel placed to prevent erosion and match pre-

construction conditions. Areas disturbed by the installation of piping were graded to
match the existing ground surface and graveled where appropriate. Several paved

areas that were disturbed during construction were patched with asphalt. The well

vault areas were graded to achieve drainage, and covered with gravel to prevent

erosion.

2.6 As-Built Survey

As specified in the lnterim Groundwater Conective Measures Work Plan (ARCADIS,

2008), a professional engineer was employed to survey the 'as-built locations of the
treatment building, recovery well locations, piping cleanout and electrical pullbox
locations, trench locations, and locations of other major system components. The
northing and easting coordinates are tied-into the original plant coordinate system,
consistent with previously installed monitoring wells at the site. The as-built survey is
presented in Appendix C.
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3. Operating Permit

A Missouri State Openating Permit, permit number MO-0135765, was obtained to

discharge treated effluent from tre e)ilraction and treatment system. The operating
permitwas issud in compliance with the Missouri Clean Water Law
(Chapter6l+ R.S. MO) and the FederalWater Pollution ControlAct, and sets

effluent limits and monitoring requirements for the erfraction and treatnent system.

The single outfiall (001) is located at a bonow ditch apprcximately 800 ft southwest of
the treatment building.
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Appendix B

Construc{ion Photographic Log



ARCADIS
Project Photographs
Gonstruction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

1

Electrical pull box at
RW.1.

2

RW-1 vault and electrical
pullpox

G JAprojectMlye&/CoBtruclion Completon ReporuPholoE/Photolog.doc



ARCADIS Project Photographs
Gonstruction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

3

RW-1 Vault

4

lnterior view of RW-1
vault

2G:/AprojecUwyElt Conrtuclim Complelion R.portPhot@/Photoloo.doc



ARCADIS Project Photographs
Construction -

Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

5

Treatment building doors

6

Treatment building

3G rAprcjcct/Wydh,/Cffi buc{d Completd ReporuPhoto./Fhotolog.doc



ARCADIS Project Photographs
Constructlon
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

7

PLC control panel

8

Circuit breaker panel

4G JAp@jeotMrtrt Cff stucton Complelid ReporuPtrotoUFhotolog.d@



ARCADIS Project Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

9

Electrical breaker box

10

Heater thermostat

5G:/Aproj@ti/$/€fi /C@Btuction Complelion RcporuPhotodPhotolog.d@



ARCADIS Project Photographs
Constructlon
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

11

Potable water supply and
hose bib

12

Floor sump

6GrApIojcctlrt/l€wcoNbuclion Completo RcporUPhotorFhotolog.doc



ARCADIS Project Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

13

Piping where recovery
well enter building

14

Piping manifold with
recovery wellflow meters
and regulating valves

7GrAproject/Wyet/Consbuc'tion Complelion ReporvPhotos/Photolog.doc



ARCADIS Project Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

15

Manifold that splits flow to
each air stripper, with
flow meters and control
valves

16

Outfall piping through
floor

8G:/Aproject /Wett CoNtudion Compledon Report/PhotodPhoblog.doc



ARCADIS

17

Clean-in-place piping
header and control valves

Project Photographs
Gonstruction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

18

Clean-in-place tank and
pump

Ic JArrcject/Wlcth/Constuction Completion RepodPhoto6/Photolog.doc



ARCADIS Project Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

19

Safety Shower

20

Air stripper 2
10



ARCADIS Proiect Photographs
Gonstruction
Gompletion Report
Agricultural Products
Division Facility
Hannibal, Missouri

21

Air stripper 2 and blower
equipment

22

Treatment building door
and louvered vent

11



ARCADIS Project Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

23

West side of treatment
building

24

Piping cleanout, showing
bollards

GrAprcj€c-Uvwetvod.tuclion Complelion ReporUPhotos/Photolog.doc 12



ARCADIS Proiect Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

25

Trenching toward outfall

26

Outfall at ditch south of
treatment building

G:/Aprcjeqvu'ty.h/Cffi tuclion Compl.lion ReporvPhotG/Photolog.d@ 13



ARCADIS Proiect Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

27

Outfall, showing riprap

28

West side of treatment
building, showing
electrical transformer

GrAprcJecuwtrwconstuclid CoDpl.t6 R.poruFholor/Photolog.d@ 14



ARCADIS Proiect Photographs
Gonstruction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

29

View of graded trench
north of treatment
building

30

Flow splitting header,
showing flow meters and
controlvalves

G rAprolcct4r'\4p,lh/CoBtuclion Cohpletim ReFbruPhoto.,/Photoloo.doc
'15



ARCADIS Project Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

31

Access steps to clean-in-
place tank

32

Air stripper 1

G:/Aprcjedn l/et|/CoNtucdm Complclio R€poruPhotoq,/Photolog.doc 16



ARCADIS Project Photographs
Construction
Completlon Report
Agricultural Products
Division Facility
Hannibal, Missouri

33

Air stripper 1

34

Bag filter prior to air
stripper 2

G JAprojcct/Wyl0vod6tuc{d Completio RepduPhotosiPhotobg.doc 17



ARCADIS Project Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

35

Monitoring Screen,
showing sump levels and
blower pressure

36

Monitor screen, showing
recovery pump flows

GJAprojecwvyelt Constucton Complelion ReporvPhot6/Photolog-doc 18



ARCADIS Proiect Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

37

Monitor screen, showing
clean-in-place equipment

38

Blower and bag filter for
air stripper 1

G:/AproFdlr'Vlrwcm6trudion Comdatio RoporvPhotor/Photolog.doc 19



ARCADIS Proiect Photographs
Construction
Gompletion Report
Agricultural Products
Division Facility
Hannibal, Missouri

39

Bag filters prior to GAC
treatment

40

Portion of GAC header,
showing slip-stream
piping for Inficon GC

20



ARCADIS Project Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

41

GAC piping header

42

GAC vessels

G :/Aprcject lUEt/Cn3tudid Completo RcpodPhotc/Photolog.doc 21



ARCADIS Project Photographs
Construction
Completion Report
Agricultural Products
Division Facility
Hannibal, Missouri

43
'burp lines" to remove air
from GAC vessels

GrAp.oJrctllvtrh/Con Aucdd Complcld RaporuFhob.,,Photolog.d@ 22
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Appendix G

As-Built Survey - Piping and Primary

Structures
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I RncRors

Appendix D

Recovery Well Completion Logs



ARCADIS

Sample/Core Log

BoringM/ell RW-1 ProjecVNo. KC001589.0001.0101

Site Drilling
Started

1500
146t2009

Drilling
Completed

Type of Sample/
Coring Device

Page 1 of 2

1500
12nt2009

Continuous

10 feet

Ground

Location

Drilling
Contractor

Prepared
By

Hannibal - Northeast comer of Richland Bldg

52 Feet Hole Diameter 12 inchesTotal Depth Drilled

Length and Diameter
of Coring Device

Land-Surface Elev.

Drilling Fluid Used

10 feet 7 inches Sampling lnterval

467 feet flsurveyeo fiestimateo Datum

Plant Potable Water Drilling Method

Danen
Boart Longyear Driller Kem

Larrv Benolkin
Hammer
Weight NA

Time/Hydraulic
Core Pressure or

Recovery Blows per6
lnches

Rotosonic

Jerry
Helper Beardmore

Hammer
Drop NA tns

Sample/Core Depth
(feet below land surface)
From To

Surface 5 0 NA Air-knifed to clear utilities - Not recovered

5 7 2.2 NA CL -CLAY, very dark grey 10YR(3/1), stiff, medium plastic, some dark vellowish

brown 10YR(4/4) mottles, no odor, no PID response, moist, not bedded

7 17 10 NA CL, as above; at 12 feet grades to CH - Siltv CLAY, verv dark qrev 10YR(3/1 ).

mottled with dark yellowish brown 10YR(4//6), soft, plastic. wet. no odor. no plD

response, no apparent bedding; at 15 feet, grades to SC - Clayey, Silty SAND,

very dark grey 10YR(3/1 ), very fine to fine grained in clayey, silty matrix,

4edlum dense, slight organic odor, trace rootlets, wet, no PID response, no

apparent bedding; at 16 feet, sharp gradation to SP - SAND, olive brown

2"5Y(4/3), fine to nledium grained, well sorted, rounded, loose, wet, no odor,

no PID response, no apparent bedding; at 16.5 feet, abrupt change to MH -

Clayey SILT, dark grey 10YR(4/1), soft, slightly plastic, wet, no odor. no plD

response, very fine beds

17 27 6 NA SW - SAND, olive brown 2.5Y(413), fine to medium qrained, 10% silt. ooorlv

sorted, rounded, loose, wet, no odbr, no PID response; at 21 feet, qrades to

SP - SAND, grey 5Y(5/1), fine to medium grained, some coarse in l12inch

partings, well sorted, rounded, loose, wet, no odor, no PID response: likelv

lost sample from23-27 feet bgs

27 37 10 NA SP, SAND, dark grey 5Y(4/1), medium grained, some coarse, well sorted,

glaproject\admin\forms\field\RW-1 Sample Core Log.XLS\1 125t201 1



ARCADIS

Sample/Core Log (Cont.d)

Boring/Well

Prepared by

RW-,I

no rent beddi at 36 abru

Page 2 of 2

to SW - SAND

Larry Benolkin

Sample/Core Depth
(feet below land surface) Core

Recovery
From To

no PID

Time/Hydraulic
Pressure or
Blows per 6
lnches

rounded, loose, wet, no odor, no PID response, no apparent beddinq: at 33

feet, abrupt change to GW - Sandy GRAVEL, dark qrey 5Y(4/1 ). rounded to

subangular gravel up to 5 inches, predominantly chert and limestone. clast-

supported, 10-15% medium to coarse sand as above; at 35 feet, abrupt change

toSM- Silty SAND, dark grey 5Y(411), some olive brown 2.5Y(414), fine to

medium grained wilh20o/o silt, poorly sorted, rounded, loose, wet, no odor

,vt tDE, at

with Gravel, grey 5Y(5/1 ), fine to coarse grained, with 20o/o rounded gravel up

to 1.5 inches, pooorly sorted, rounded, loose, wet, no odor, no PID response

37 47 8 NA SW, as above; at 37.5 feet, grades to GW, GRAVEL with Sand, olive brown

2.5Y(413), rounded to subangular gravel up to 4 inches inmatrix of medium to

coarse sand, poorly sorted, loose, wet, no odor, no PID response. no aooarent

bedding; at 38.5 feet, abrupt change to SP - SAND, grey 5Y(5/1), fine qrained.

well sorted, rounded, loose, wet, no odor, no PID response, no apoarent

bedding; at 40,5 feet, abrupt change to SW - SAND with Gravel. olive brown

2.5Y(4/3), medium tq coarse grained, rounded, poorly sorted, with 30%

rounded gravel up to 1-9 inches, loose, wet, no odor, no PID response; at 42

feet, grades to 9P 1SAND, olive brown 2.5Y(4R), medium grained, well sorted

no odor no PID no apparent bedding; lost sample 4547 feet bgs

47 52 0 NA Lost sample

g:\aproject\admin\forms\fi eld\RW-1 Sample Core Log.XLS\1 1251201 1



ARCADIS

WellGonstruction Log
(Unconsolidated)

5

UND

ft*

12 inch diameter
drilled hole

Wdl casing,

8 inch diameter,
PVC Threaded Casing

Backfill

fiGrout Neat Cement

fl*

Wyeth Well lnstallation
Project KC001589.0001.00100 Well RW-1

Town/City Hannibal, MO

County Marion State MO

Permit No-

Land-Surface (LS) Elevation and Datum:

467 feet I Surveyeo

EI Estimated

lnstallation Date(s)

Drilling Method

12106-07t20c'9

Rotosonic

Drllling Contrador

Drilling Fluid

Boart Lonovear

Potable water

23

Developrnent Technique(s) and Date(s)

27

Bentonite

ft.

31.5 ft*

Screen.

SS

Isuny

Elpelets

inch diameter

, 0.(N0 slot

Fluid Loss During Drilling -1200

Water Removed During Development

Static Depth to Water

Pumping Depth to Water

gallons

gallons

I

feet below M.P

feet below M.P

41.5 ft-

43.5 fl' Remarks
52 ft-

Measuring Point is
Top of Well Casing
Unless Otherwise Noted.

' Depth Belowland Surface

Prepared by

G:/AprojecuAllegheny/RsE Results/Well Logs/RW-1 UrEonsol Welt Construction XLS.xls
1D5r2011

Pumping Duration

Yield

hours

gpm Date

Specific Capacity gprn/ft

Well Purpose Groundwater recovery

Gravel Pack

Pack (Global #4)
650 lbs

Fofination Collapse

Lany Benolkin



ARCADIS

Sample/Core Log

BoringMell

Site
Location

Drilling
Contractor

Prepared
By

RW.2 ProjecVNo. KC001589.0001.0101

Type of Sample/
Coring Device

Page 1 of 2

12t6t2009

Continuous

10 feet

Ground

Drilling
Started

930
1?,5t2009

Drilling
CompletedHannibal - Northeast comer of Richland Bldg

47 Feet Hole Diametei 12 inchesTotal Depth Drilled

Length and Diameter
of Coring Device

Land-Surface Elev.

Drilling Fluid Used

10 feet 7 inches Sampling lnterval

470 feet lsurveyeo ftlestimateo Datum

Plant Potable Water Dritting Method

Danen
Boart Longyear Driller Kem

Rotosonic

Helper
Jerry

Beardmore

Larrv Benolkin
,"rrf
Weight NA

Hammer
Drop NA rns.

Sample/Core Depth
(feet below land surface)
From To

Time/Hydraulic
Pressure or
Blows per 6

lnches

Core
Recovery

Surface 5 0 NA Air-knifed to clear utilities - Not recovered

5 7 2.5 NA CL -C LAY, dark olive grey 5Y(3/2), stiff, medium plastic, trace bricks and

some subangulaflimestone gravel, moist, no odor, no PID response, no

apparent bedding, FILL

7 17 11.5 NA CL, Silty CLAY, dark olive grey 5Y(312), some dark yellowish brown 10yR(4/4)

mottling, stiff, medium plastic, moist, no odor, no PID response, no apparent

bedding; at 9.5 feet grades to CL - Silty GLAY, dark olive qrev SY(3/2) motfled

with yellowish brown 10YR(5/6), some 1/4 inch black concretions, medium

stiff, medium plastic, moist, no odor, no PID response, not bedded: at 13

feet, grades to SC - Clayey SAND, olive grey 5Y(5/2) mottled with olive

brown 2.5Y(4/6), very fine to fine grained, poorly sorted witin clayev matrix.

very soft, slightly plastic, wet, slow dilantency, no apprent beddinq, no odor,

response; at 16 feet grades to SM - Silty SAND, dark qreyishno PID

fine to medium grained, loose, wet, well rounded, poorlybrown 2

with silty matirx, no odor, no PID response, no apparent beddinosorted

17 27 10 NA SM, as above; at 18 feet abrupt change to SP, ,SAND,, olive brown 2.Sy(4t3\,

grained, very loose, wet, no odor, no PID response, no apparent beddinq;fine

at 19.0 to '19.3 lens of SM - Silty SAND, greyish brown2.5Y(512). very fine

to fine grained,20% silt, loose, wet, no odor, no PID response; at 19.3 feet,

g:\aproject\admin\forms\field\RW-2 Sample Core Log.XLS\ 1 l21t201 1



ARCADIS

Sample/Core Log (Cont.d)

Boring/Well

Prepared by

RW-2 Page 2 2of

Larry Benolkin

Sample/Core Depth
(feel below land surface)

Time/Hydraulic
Pressure or

Recovery Blor/vs per 6

From lnches

grained, well sorted, rounded, loose, wet, no odor, no PID response

Core

To

SP, as above; al21 leel grades to SW - well graded SAND, dark greyish

brown 2.5Y(4/2), fine to medium grained, some coarse, poorly sorted, rounded,

very loose, wet, no odor, no PID response, no apparent beddinq

27 37 10 NA SW, as above; at 30 feet grades to SP - SAND, qrey 5Y(5/1), medium qrained.

some coarse, well sorted, rounded, very loose, wet, sliqht orqanic odor,

no PID response, no apprent beddinq; at 34 feet qrades to GW - Sandy

GRAVEL, qrey 5Y(5/1 ), medium rounded sravel up to 4 inches. with 40%

medium to coarse sand, loose. wet. no odor, no PID resoonse. no aoDarent

bedding; at 36.5 feet abrupt change to ML - SILT, olive grey 5Y(5/2), soft,

non-plastic, wet, no odor, no PID response, possible very fine bedding

37 47 10 NA GW - GRAVEL, light olive brown 2.5Y(5/3), poorly sorted subround to sub-

angular gravel (predominantly chert and volcanics)15% medium to coarse

sand, loose, wet, n o odor, no PID response, not bedded: at 38 feet. abrupt

chanqe to SP - SAND, liqht olive brown 2.5Y(5/3). medium qrained. some

coarse, well sorted, rounded, loose, wet, no odor, no PID response. no

apparent beddinq; at 38.5 feet abrupt chanqe to GW - Sandv GRAVEL.

liqht olive brown 2.5Y(5/3), rounded qravel uo to 6 inches. poorlv sorted with

50% fine to medium grained sand, loose. wet. no odor. no PID resoonse:

at 39.5 feet, qrades to SW - SAND. liqht olive brown 2.5Y(5/3). fine to

medium qrained, some coarse, poorly sorted, rounded. trace of black

organic matter, loose, wet, no odor, no PID response, in gross 6-inch beds.

becomes medium to coarse grained below 40 feet; at 41.5 feet, orades to

SW - Gravelly SAND, light olive brown 2.5Y(5/3), fine to medium orained.

with 30% gravel up to 6 inches, subrounded qravel, loose, wet, no odor. no

PID response, no apparent bedding; at 44 feet, abrupt chanqe to SM - Siltv

Silty SAND, very dark greyish brown 10YR(412\, vey fine to fine qrained.

sand with silt matrix,, medium dense, wet, no odor, no PID resDonse: at

45 feet, qrades to SP - SAND, liqht olive qrey 2.5Y$121. fine to medium

g laproject\admin\forms\fi eld\RW-2 Sample Core Log.XLS\1 l25l211 1



ARGADIS

WellConstruction Log
(Unconsolidated)

5

UND SURFACE

ft'

12 inch diameter
aril-ia noiE-

Well casing,

I inch diameter,
PVC Threaded Casing

Installation Date(s)

Drilling Method

120106/2009

Wyeth Well lnstallation
Project KC001589.0001.00100 Well RW-2

Toum/Crty Hannibal, MO

County Marion State MO

Permit No.

Land-Surface (LS) Elevation and Datum:

470 feet ! Surveyeo

E Estimated

Grout Neat Cement

ft-

Rotosonic

Drilling Contractor Boart Longyear

Drilling Fluid Potable water

26

Developrnent Technique(s) and Date(s)
Bentonite Isuny

EIp.rct"ft-29

ft.u
gallons

gallons

Screen.
8 inch diameter

SS 0.040 slot

Gravel Pack

Pack (Global #4)

650 lbs
Formation Collapse

Measuring Point is
Top of Well Casing
Unless Otherwise Noted.

* Depth Below Land Surface

Fluid Loss During Drilling -1400

Water Rernoved During Development

Static Depth to Water

Pumping Depth to Water

Pumping Duration _hours

Yield _gpm

feet below M.P

feet below M.P

Date

Specificoapacity _gprn/ft

Well Purpose Groundwater recovery

ft.

fi*
ft'

44

46

47
Remarks

Prepared by
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ARCAD!S
Sample/Core Log

BoringMell RW-3

Location
Site 1320

12,212009

Total Depth Drilled

Length and Diameter
of Coring Device

Land-Surface Elev

Drilling Fluid Used

ProjecUNo. KC001 589.0001 .01 01

Hannibal near Engineering Bldg
Drilling
Started

46 Feet Hole Diameter 12 inches

10 feet 7 inches

feet lsurveyeo flestimated

Plant Potable Water

Boart Longyear

468

Type of Sample/
Coring Device

Sampling lnterval

Datum

Drilling
Completed

Page 1 of 2

1520
1z4t2009

Conlinuous

10 feet

Ground

Drilling
Contractor

Prepared
By

Drilling Method Rotosonic

Jerry
Helper BeardmoreDriller

Hammer
Weight NA

Darren

Kern

Benolkin
Hammer
Drop NA rns.

Sample/Core Depth
(feet below land surface)
From To

Time/Hydraulic
Core Pressure or

Recovery Blows pero
lnches

Surface 5 0 NA Air-knifed to clear utilities - No recovery

5 6 0.7 NA CL -Siltv CLAY, dark qrey 10YR(4/1). medium stiff, medium plastic. moist.

no odor, no PID response, no apparent beddinq

6 16 11 NA CL -Silty CLAY, dark qrey 10YR(4/1 ) mottled with dark vellowish brown

10YR{4/6), medium stiff, medium plastic. moist. no odor. no PID resoonse:

at12.5 feet qrades to CH - Siltv CLAY. dark orevish brown 10YR(412) mottled

with yellowish brown 10YR(5/8), soft, plastic, no odor, no PID responsej at

16 feet abrupt changes to SM - Silty SAND, fine to medium grained, well

sorted, rounded, with silty matrix, dark grey 10YR(4/1), loose, wet, no odor,

no PID response, no apparent bedding

16 26 9.5 NA SM, as above; at 16.5 feet, abrupt change to CL- Silty CLAY, dark grey

10YR(4/1), some dark yellowish brown 10YR(4/6) mottles, stiff, medium

plastic, moist, no odor, no PID response: at 16.8 feet. abrupt chanoe to SP -

poorly qraded SAND, brownish qrev 2.5Y$2\. fine qrained. well sorted.

loose, wet, no odor, no PID response, possible 114to 112 inch clay lens at

21 feel:, a|24.5 feet abruptly orades to SP - Doody qraded SAND. orevish

brown 2.5Y(5/2), medium to coarse orained. moderatelv well sorted. sub-

round to rounded, loose, wet, no odor, no PID response

26 36 o NA SW - well graded SAND, brownish grey 2.5Y(512), fine to medium grained,

g:\aproject\admin\forms\field\RW-3 Sample Core Log.XLS\1 1251201 1



ARCADIS

Sample/Core Log (Cont.d)

BoringMell

Prepared by

RW-3

Larry Benolkin

Page 2 of 2

Sample/Core Depth
(fee,t below land surface) Core

Recovery

Time/Hydraulic
Pressure or
Blows per 6

lnchesFrom To Description

loose, poorly sorted, wet, no odor, no PID response, no apparent bedding;

at 29 feet is a possible 114 inch clay lense; at 31.5 feet grades to SP -

poorly qraded SAND, brownish grev 2.5Y(512), medium to coarse qrained

well sorted, loose, wet, no odor, no PID response, no apparent bedding;

at 35 feet qrades to SW - well qraded SAND with qravel, brownish grey

2.5Y(512), medium to coarse qrained, 5-10% rounded qravel up to 2 inches,

qravel is predominantly basalt and some limestone, loose, wet, no odor,

no PID response

36 46 't0 NA SW - SAND with gravel as above; at 37 feet qrades to GW - Gravel with sand,

limestone and volcanics rounded qravel up to 6 inches in matrix of fine to

medium orained sand. brownish orev 2.5Y(5/2): at 38.5 feet orades to SP -

ooorlv qraded SAND. lioht olive orev 2.5Y$14). well sorted. 5% oravel uo

to 1 inch. loose. wet. no odor. no PID resoonse: at 41 feet qrades to SP -

ooorlv oraded SAND. fine to medium orained. well sorted. loose. wet. no

odor. no PID resoonse. no aDoarent beddinq: at 42 feet abrupt chanoe to

SP - poorly graded SAND, olive brown 2.5Y(413), fine to medium grained,

well sorted. in first 6 inches black vitreous concretions up to 4 inches, loose.

wet. no odor. no PID response. no aooarent beddino: at 44 feet abruot

change to SP - poorly sorted SAND, yellowish red 5YR(4/6), fine grained,

well sorted. loose. wet. no odor. no PID response. no apDarent beddino

g:\aproject\admin\forms\field\RW-3 Sample Core Log.XLS\1 l25l2l1 1



ARCADIS

WellConstruction Log
(Unconsolidated)

5

UND SURFACE

ft.

12 inch diameter
drilled hole

Well casing,

I inch diameter,
PVC Threaded Casins

Wyeth Well lnstallation
Project KC001589.0001.00100 Well RW-3

TowniCi-ty Hannibal, MO

County Marion State MO

Permit No.

Land-Surface (LS) Elevation and Datum:

468 feet I Surveyeo

E Estimated

lnstallation Date(s)

Drilling Method

Drilling Contractor

Drilling Fluid

12102-0412009

Rotosonic

EBackfill

ft'

Bentonite

25.s ft-

31 ft-

Screen.

Neat Cement Boart Lonovear

Potable water

23

Developrnent Technique(s) and Date(s)

f]suny

Epenets

inch diameter

, 0.(N0 slot

gallons

gallons

Fluid Loss During Drilling -1400

Water Removed During Development

Static Depth to Water

Pumping Depth to Water

Pumping Duration _ hours

Yield _gpm

Specific Capacity _ Sprn/ftGravel Pack

Sand Pack (Global #4)
700 lbs

Formation Collapse

8

feet belo,r/ M.P..

feet below M-P.

Date

SS

Well Purpose Qroundwater recovery

ft-

43ff
46 ft-

Remarks

Measuring Point is
Top of Well Casing
Unless Otherwise Noted.

' Depth Below Land Suriace

Prepared by

G:/AprojscuAllegherry/RsE Resuhs/Well LogslRW-3 Unconsol Well Construction.Xls.xls
1D5DO11
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